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arcade-based Effective online learning design requires instructional designers to possess
educational game, | strong needs analysis skills to identify student characteristics, contextual
§erious game, constraints, and instructional requirements. However, students in
instructional instructional design programmes often struggle to apply needs analysis
design frameworks in practice. This study developed and evaluated an arcade-
competencies,

based educational game, the Pali-Pali Game, to strengthen students’ needs
analysis skills in online learning design. Using developmental research, the
study followed three phases: exploration, design and development, and
testing and evaluation. The game underwent expert validation, assessed for
practicality by lecturers and students, and tested for effectiveness using a
pretest-posttest design with undergraduate students. Results showed high
validity and practicality ratings. Statistical analysis indicated a significant
improvement in students’ needs analysis skills after using the game. These
findings suggest that arcade-based educational games can serve as effective
technology-enabled learning tools for strengthening instructional design
competencies in teacher education.
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Introduction
The rapid expansion of technology-enabled learning (TEL), accelerated during the Covid-19
pandemic, has fundamentally reshaped higher education delivery worldwide (Carrillo & Flores,
2020; Gonzalez et al., 2020; Kabilan & Annamalai, 2022; Pereira et al., 2021). Although
institutions have resumed face-to-face instruction, online and blended learning remain integral
components of educational delivery. In developing contexts, TEL is increasingly positioned as a
strategic approach to expand access, enhance instructional flexibility, and strengthen educational
resilience.

Effective implementation of online learning requires more than technological
infrastructure. Research shows that students’ engagement, interaction, and communication
significantly influence learning performance in digital environments (Abid et al., 2021; Dunn &
Kennedy, 2019). Furthermore, meaningful online learning depends on the integration of
cognitive presence, social presence, and pedagogical design (Carrillo & Flores, 2020). When
these elements are misaligned with learners’ characteristics and contextual realities, online
learning environments may fail to achieve intended outcomes (Andrew et al., 2021; Nandi et al.,
2009).

@ Published by Commonwealth of Learning, Canada
CCBY-SA4.0


https://creativecommons.org/licenses/by-sa/4.0/

Journal of Learning for Development 13(2), 2026 315

Within teacher education programmes, this shift has intensified the need to prepare
students with competencies in designing, implementing, and evaluating online learning
environments (Galanti et al., 2021; Luo et al., 2017). A central competency is needs analysis,
which forms the foundation of systematic design models such as those described in Instructional
design: The ADDIE approach (Branch, 2009), The systematic design of instruction, (Dick et al.,
2013) and Designing effective instruction (Morrison et al., 2019). Needs analysis involves
identifying student characteristics, contextual constraints, technological readiness, and
performance gaps prior to instructional development (Simonson et al., 2019).

Despite its importance, observations within the Education Technology programme at
Universitas Negeri Padang indicate that students enrolled in the E-learning Development course
demonstrated limited ability to operationalise needs analysis in practice. Although they are
familiar with instructional design models, their online learning products often lack systematic
learner profiling, contextual mapping, and alignment between objectives and instructional
strategies. This gap between theoretical knowledge and applied analytical competence may
compromise the quality of technology-enabled learning designs.

At the same time, gamification and educational games have gained attention as strategies
to enhance engagement and learning outcomes in higher education (Lorenzo-Alvarez et al.,
2020; Othman et al., 2023; Urh et al., 2015). While existing research predominantly examines
motivation, engagement, and academic performance, there has been only limited research to
examine the use of educational games as structured tools for strengthening instructional design
competencies, particularly needs analysis skills required for designing online learning.
Addressing this gap is essential for preparing future educators to develop context-responsive,
technology-enabled learning environments.

Therefore, this study aims to develop and evaluate an arcade-based educational game, the
Pali-Pali Game, to enhance students’ needs analysis skills in online learning design. This study
examines the validity, practicality, and effectiveness of the developed game as a technology-
enabled learning intervention within teacher education.

Literature Review

Online Learning

Online learning, first emerging in the mid-1990s, has evolved into a central mode of instructional
delivery (Bower, 2019). It serves as a substitution, complementary support, and supplementary
enhancement for face-to-face instruction. Contemporary online learning relies on web-based
platforms and digital tools that enable flexible learning experiences (Gonzalez et al., 2020;
Rahmi et al., 2022).

Students’ interaction, involvement and communication strongly influence performance in
online environments (Abid et al., 2021; Dunn & Kennedy, 2019). Effectiveness also depends on
technological access, pedagogical design, and learner readiness (Andrew et al., 2021).
Furthermore, meaningful online learning integrates cognitive presence, social presence and
instructional presence (Carrillo & Flores, 2020; Kabilan & Annamalai, 2022; Pereira et al.,
2021).

In developing contexts, sustainability of TEL depends on designs aligned with diverse
student characteristics and ICT readiness (Rahmi et al., 2022). Without systematic needs
analysis, online learning designs risk misalignment with learner contexts and reduced
effectiveness.
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Needs Analysis

Needs analysis is a foundational stage in systematic instructional design models, such as those
described by Branch (2009), Dick et al. (2013) and Morrison et al. (2019). It is structured using
data on student characteristics, instructional problems, and contextual constraints (Dick et al.,
2013). It examines demographics, prior knowledge, learning styles, technological skills,
motivation, and environment (Simonson et al., 2019), and identifies performance gaps, and
determines learner readiness (Morrison et al., 2019). Effective needs analysis ensures alignment
among goals, learners, and resources (Branch, 2009).

In online learning contexts, needs analysis identifies factors affecting student success and
engagement (Rahmi et al., 2022). Without it, designs might not address learner variability or
context. Although emphasised in curricula, students often struggle to apply needs analysis
frameworks in practice. Developing this competence requires repeated practice in analysing
multiple learner variables in authentic contexts.

Gamification

Gamification applies game elements (e.g., goals, rules, feedback, progression) to non-game
learning contexts (McGonigal, 2011; Terras & Boyle, 2019). In higher education, it increases
motivation, engagement, satisfaction, and performance (Oliveira et al., 2021; Othman et al.,
2023; Yu et al., 2021).

Educational games include augmented reality applications (Nordin et al., 2022), mobile
learning (Syarifuddin et al., 2023), and simulations (Lorenzo-Alvarez et al., 2020), which
demonstrate potential to enrich digital learning experiences.

Arcade games, characterised by structural challenges, escalating difficulty, immediate
feedback, and performance-based progression (Gao et al., 2022), support repeated analytical
engagement. Classic arcade games such as Flappy Bird, Pong, and Tetris illustrate how
structured repetition and clear feedback loops sustain user engagement. Research suggests that
games can foster cognitive flexibility and decision-making (Bavelier et al., 2012; Bediou et al.,
2023; Fortes et al., 2020; Granic et al., 2014). Arcade-style mechanics encourage analysis and
iterative decisions (Chittaro & Buttussi, 2019; Shute et al., 2016). When aligned with
instructional objectives, such mechanics may scaffold analytical reasoning processes relevant to
needs analysis.

While previous studies highlighted the motivational benefits of gamification, there has
been limited research to investigate arcade-based educational games as structured tools for
strengthening instructional design competencies. Addressing this gap in this study was essential
to advance technology-enabled learning capacity in teacher education contexts.

Research Objectives

This study aimed to develop and evaluate an arcade-based educational game designed to
strengthen students’ needs analysis competencies in online learning design. The study sought to:
1) develop an arcade-based educational game aligned with instructional design principles of
needs analysis;
2) examine the validity of the developed game based on expert evaluation of instructional
content, media quality, and game design;
3) evaluate the practicality of the game from the perspective of lecturers and students; and
4) test the effectiveness of the game in improving students’ needs analysis skills through
pre-test and post-test comparison.
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Methods

Research Design

This study employed developmental research to design, develop, and evaluate an educational
product (Branch, 2009; Dick et al., 2013; Morrison et al., 2019). The product, the Pali-Pali
Game, is an arcade-based application supporting needs-analysis practice. The development
process followed three sequential phases: 1) exploration, 2) design and development, and 3)
testing and evaluation. This structure reflects principles of systematic instructional design
models, which emphasise needs analysis, iterative product refinement, expert validation, and
effectiveness testing (Branch, 2009; Dick et al., 2013). During exploration, student
characteristics, perceptions of educational games, and course/task needs were identified to
establish the conceptual framework and game goals. In the design and development phase,
assessment instruments, game flowcharts, and storyboards were created, followed by expert
validation and practicality testing. In the testing and evaluation phase, the revised game was
implemented in a pilot class using a pretest-posttest design to determine effectiveness and
finalise the product.

Population and Sample
Participants in this study were involved in three stages of the development process: expert
validation, practicality testing, and pilot class implementation.

Expert Validators. Three experts participated in the validation process: 1) an
instructional media expert from the educational technology programme, 2) a game design expert
from the animation programme, and 3) a content expert specialising in e-learning development.
These experts were selected based on their academic qualifications, professional experience, and
track records in educational technology development. Their role was to evaluate the Pali-Pali
Game in terms of instructional content accuracy, media and interface design, game mechanics,
and alignment with needs analysis learning objectives.

Practicality Test Participants. The practicality test involved six lecturers and six students
who had experience in e-learning development courses. Participants were selected using
purposive sampling to ensure familiarity with instructional design concepts and relevance to the
intended users of the Pali-Pali Game. They evaluated usability, clarity, interaction, and
instructional relevance of the game during the design and development phase.

Pilot Class Participants. The effectiveness test was conducted in a pilot class of 29
undergraduate students enrolled in the Educational Technology programme at Universitas Negeri
Padang. Participants were selected purposively based on their enrollment in the E-Learning
Development course. These students completed the pre-test and post-test to measure
improvement in needs analysis skills after using the Pali-Pali Game.

Research Instruments

Four types of instruments were used to support the development and evaluation of the Pali-Pali
Game, consisting of: 1) the needs analysis instrument, 2) the assessment instrument, 3) the
practicality test instrument, and 4) the effectiveness test. The use of multiple instruments is
consistent with development research, which requires comprehensive evaluation of product
quality and effectiveness (Branch, 2009; Dick et al., 2013).

The needs analysis instrument was administered during the exploration phase to identify
student characteristics, student perceptions of educational games, and course and task needs
related to needs analysis learning. Needs analysis instruments are commonly used in
instructional design research to collect systematic data regarding student characteristics, learning
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conditions, and instructional challenges (Dick et al., 2013; Morrison et al., 2019). The instrument
measured three aspects: 1) student perceptions of educational games, 2) student needs for
educational games, and 3) lecturers’ needs for educational games. The results informed the
conceptual framework, game goals, and design specifications of the Pali-Pali Game.

The assessment instrument for expert validation was used by expert reviewers to assess
the quality of the developed product. Expert validation is a standard procedure in development
research to ensure that instructional products meet content, media, and design standards before
implementation (Branch, 2009; Plomp, 2013). The instrument evaluated instructional content
relevance, media and interface design, and game mechanics and interactivity. Each item was
rated using a five-point Likert scale (1 = not valid to 5 = highly valid), which is commonly
recommended for expert validation to avoid neutral responses and improve rating precision (Polit
& Beck, 20006).

The practicality test instrument was administered to lecturers and students to evaluate
usability and operational feasibility of the Pali-Pali Game. Practicality assessment is essential in
development research to determine whether a product can be implemented effectively in real
learning environments (Nieveen, 1999; Plomp, 2013). The instrument assessed clarity of
instructions, navigation and interaction, engagement and motivation, and relevance to learning
objectives.

Lastly, effectiveness was measured using a structured needs analysis skills test
administered in the pilot class. The test required students to identify learner characteristics,
analyse contextual factors, and make instructional decisions. Performance-based assessments are
recommended in instructional design research to evaluate higher-order cognitive skills (Dick et
al., 2013; Shute et al., 2016).

Instrument Validity and Reliability

Content Validity. Content validity was assessed using the Content Validity Index (CVI), a
widely accepted method for evaluating the relevance of instrument items through expert
judgement (Polit & Beck, 2006). Three experts rated each item using a four-point relevance scale
ranging from 1 (not relevant) to 4 (highly relevant). The use of a four-point scale is
recommended to minimise neutral responses and enhance rating precision.

The scale-level Content Validity Index (S-CVI/Ave) was calculated by averaging the
proportion of items rated as relevant (ratings of 3 or 4) across all validators. According to Polit
and Beck (2006), S-CVI/Ave values equal to or greater than 0.80 indicate strong content validity
(Table 1).

Table 1: Content Validity Results of Research Instruments

Number of Number of

Instrument Ttems Validators S-CVI/Ave Interpretation
Needs Analysis 20 3 0.93 Valid
Instrument

Practicality 20 3 1.00 Highly valid
Instrument

Effectiveness Test 40 3 1.00 Highly valid

These results indicate that all instruments demonstrated strong content validity and were
appropriate for use in the study.
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Reliability Testing. Instrument reliability was examined using inter-rater reliability
analysis to determine the level of agreement among expert evaluators. Three experts
independently assessed the instruments using a dichotomous scale (Yes/No), and agreement was
calculated using Cohen’s Kappa coefficient, which measures consistency beyond chance
agreement (Landis & Koch, 1977). The analysis yielded a Kappa value of 0.64, which indicates
acceptable agreement among raters. The average proportion of agreement (Po) across items was
0.91, which reflects high consistency in expert judgements. According to established
interpretation guidelines, Kappa values between 0.61 and 0.80 indicate substantial agreement
(Landis & Koch, 1977). Therefore, the instruments were considered sufficiently reliable for use
in subsequent phases of the research.

Research Procedure
The development phases consisted of three sequential phases: exploration, design and
development, and testing and evaluation.

Phase 1: Exploration. The exploration phase aimed to identify student characteristics,
student perceptions of educational games, and course and task needs relevant to needs analysis
learning. Data were collected through surveys administered to students and lecturers. The
findings informed the game goals, target competencies, and conceptual framework of the Pali-
Pali Game.

Phase 2: Design and Development. In this phase, the assessment instrument for
evaluating the game was first developed. Based on the conceptual framework, the game
flowchart and game storyboard were designed to structure gameplay sequences and learning
tasks related to needs analysis. Using these design specifications, the Pali-Pali Game was
developed.

The developed game then underwent expert validation involving instructional media,
game design, and instructional content experts. Revisions were conducted based on expert
feedback. The revised game was then subjected to a practicality test involving lecturers (N = 6)
and students (N = 6) to assess usability, clarity, interaction, and instructional relevance. Further
revisions were made before field implementation.

Phase 3: Testing and Evaluation. The revised game was implemented in a pilot class (N
= 29). Students completed a pre-test measuring needs analysis skills prior to using the Pali-Pali
Game and a post-test after gameplay. The results were used to evaluate effectiveness. Based on
these findings, the finalised Pali-Pali Game product was established.

A visual representation of the development framework is presented in Figure 1.
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Figure 1: Development and evaluation framework of educational game

Data Analysis

Needs analysis data were analysed using descriptive statistics to summarise user expectations
and design requirements. Validity and practicality data were analysed using mean scores and
percentage techniques to determine product feasibility. Such descriptive analysis methods are
widely applied in development research to interpret expert and user evaluations (Plomp, 2013).
To examine effectiveness, a paired sample t-test was conducted to compare pre-test and post-test
scores. Prior to hypothesis testing, data normality was assessed using the Shapiro-Wilk test to
ensure statistical assumptions were satisfied. Paired t-tests are appropriate for evaluating learning
improvements in single-group intervention studies (Field, 2018).

Results

The Pali-Pali Game is an arcade-based learning application derived from the exploration-phase
framework and refined through design, validation, and practicality testing. It embeds
instructional design variables in gameplay requiring players to identify student characteristics,
interpret context, and make instructional decisions. Gameplay follows progressive difficulty,
immediate feedback, and performance-based progression (Figure 2). Each level presents learner
and instructional scenarios requiring selection of appropriate needs-analysis components.
Repeated interaction supports iterative analytical reasoning.
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Figure 2: Gameplay flow and learning structure of the educational game

RQ1 and 2: Development and Validity of the Arcade-Based Educational Game

The validity of the Pali-Pali Game was evaluated by three expert validators representing
instructional media, game design, and instructional content. Experts assessed the game using a
five-point Likert scale ranging from 1 (not valid) to 5 (highly valid). The results of expert
validation are presented in Table 2.

Overall, the mean scores for all evaluated aspects ranged from 4.00 to 4.67, indicating
that the game met high validity standards. The highest ratings were observed for the challenge
component (M = 4.56), suggesting that the game effectively incorporated engaging and
appropriately structured difficulty levels. Other aspects, including goals, interaction, gameplay
rules, and interface design, also received high ratings. Based on these results, the arcade-based
educational game was considered valid and appropriate for instructional use.

Table 2: Expert Validation Results of the Educational Game

Aspect Media Game Content Mean
No. Experts (N  Experts (N  Expert (N = Interpretation
Evaluated _ _ Score
=3) =3) 3)
1 Goals 4.33 4.00 4.33 4.22 Highly valid
2 Interaction 4.00 4.00 4.33 4.11 Highly valid
3 Challenge 4.67 4.33 4.67 4.56 Highly valid
4 Gameplay Rules  4.33 4.00 4.00 4.11 Highly valid
5 Interface Design ~ 4.00 4.33 4.33 4.22 Highly valid

Scale: 1 = Not valid, 2 = Less valid, 3 = Moderately valid, 4 = Valid, 5 = Highly valid

RQ3: Practicality of the Arcade-Based Educational Game
The practicality of the Pali-Pali Game was evaluated through a practicality test involving six
lecturers and six students. Participants assessed the game using a five-point Likert scale
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measuring clarity, navigation, interaction, motivation, and instructional relevance. As shown in
Table 3, mean scores ranged from 4.00 to 4.50, indicating high practicality. The highest scores
were obtained for motivation and challenge (M = 4.50), demonstrating that the game effectively
engaged users and sustained interest during learning activities. Both lecturers and students
reported that the game was easy to operate, clearly structured, and suitable for supporting needs
analysis learning activities. These findings indicate that the developed educational game was
practical and feasible for implementation in instructional settings.

Table 3: Practicality Test Results from Lecturers and Students

Lecturers Mean Students Overall

Aspect (N = 6) Mean (N=6) Mean Interpretation
Goals 4.17 4.33 4.25 Highly practical
Direction 4.17 4.17 4.17 Highly practical
Interaction 4.17 4.00 4.08 Highly practical
Navigation 4.33 4.33 4.33 Highly practical
Challenge 4.50 4.50 4.50 Highly practical
Motivation 4.50 4.50 4.50 Highly practical
Rules 4.33 4.17 4.25 Highly practical
Game Flow 4.17 4.17 4.17 Highly practical
Content Display 4.33 4.00 4.17 Highly practical
Colour and Object Design 4.33 4.00 4.17 Highly practical
Overall Mean 4.26 Highly practical

Scale: 1 = Not practical, 2 = Less practical, 3 = Moderately Practical, 4 = Practical, 5 = Highly practical

RQ4: Effectiveness of the Arcade-Based Educational Game
The effectiveness of the Pali-Pali Game was examined using a one-group pre-test/post-test
design involving 29 students. Students completed a needs analysis skills test before and after
using the game.

Normality Test. The Shapiro-Wilk test indicated that both pre-test (»p = 0.082) and post-
test (p = 0.180) scores were normally distributed (p > 0.05), satisfying assumptions for
parametric analysis (Table 4).

Table 4: Normality Test Results (Shapiro-Wilk)

Test p-value Interpretation
Pre-test .082 Normal distribution
Post-test .180 Normal distribution

Paired Sample t-Test. The effectiveness of the intervention was determined using a
paired-samples t-test (two-tailed) (Table 5). Results indicated a statistically significant difference
between pre-test and post-test scores, t (28) = -6.49, p <.001. The negative sign reflects the
direction of subtraction (pre-test minus post-test) and does not affect statistical significance
(Field, 2018). The magnitude of improvement was large (Cohen’s d = 1.21), indicating a
substantial increase in students’ needs analysis skills following use of the Pali-Pali Game. These
findings demonstrate that the arcade-based educational game was effective in improving
students’ needs analysis skills.
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Table 5: T-test Results for Needs Analysis Skills
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Discussion and Implications

Discussion

This study aimed to develop and evaluate the Pali-Pali Game, an arcade-based educational game
to enhance students’ needs analysis skills in online learning design. The findings show that the
developed game demonstrated validity, practicality, and effectiveness, indicating its potential as
a technology-enabled learning tool for strengthening instructional design competencies in higher
education.

In terms of validity, the expert validation results indicated that the developed game met
high standards of instructional content, media quality, and game mechanics. The highest ratings
were observed for the challenge and gameplay components, suggesting that the game
successfully integrated engaging learning tasks with instructional objectives. These findings are
consistent with gamification research emphasising the importance of clear goals, structured
challenges, and feedback systems in educational game design (McGonigal, 2011; Rahmi et al.,
2026; Shute et al., 2016). The incorporation of progressive difficulty levels and immediate
feedback in the game aligns with established principles of effective digital learning environments
(Kaufmann, 2018). By embedding needs-analysis variables into game challenges, the design
provided structured opportunities for students to practise analytical decision-making related to
instructional planning.

The practicality test showed that both lecturers and students perceived the game as highly
usable, engaging, and relevant to instructional learning objectives. High ratings for motivation
and interaction indicate that the game effectively sustained learner engagement during the
learning process. These results support previous studies showing that educational games can
enhance learner motivation, participation, and satisfaction in online learning contexts (Oliveira et
al., 2021; Othman et al., 2023; Yu et al., 2021). The positive usability results also suggest that
the game design was accessible and adaptable for integration into existing instructional settings,
which is essential for technology-enabled learning implementation in higher education.

Furthermore, the effectiveness test revealed a statistically significant improvement in
students’ needs analysis skills after using the game. This finding suggests that the arcade-based
mechanics supported the development of higher-order analytical competencies rather than
merely enhancing engagement. The effectiveness of the intervention can be explained by the
iterative and feedback-driven nature of arcade game mechanics. Such mechanics require players
to repeatedly analyse information, make decisions, and adjust strategies based on performance
outcomes (Chittaro & Buttussi, 2019; Gao et al., 2022). These cognitive processes align closely
with the analytical demands of needs analysis, which involves identifying student characteristics,
interpreting contextual variables, and making instructional decisions.

Moreover, previous research indicates that game-based learning environments can foster
cognitive flexibility, problem-solving skills, and adaptive decision-making (Bavelier et al., 2012;
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Bediou et al., 2023; Granic et al., 2014). By simulating instructional design scenarios within a
structured and interactive environment, the developed game enabled students to practise needs
analysis skills in a safe and engaging context.

From a Technology-Enabled Learning, and Learning for Development perspective, the
Pali-Pali Game illustrates how interactive digital tools can strengthen core instructional design
competencies among future educators. Improving needs-analysis skills supports development of
context-responsive digital learning solutions, contributing to more inclusive, effective, and
sustainable technology-enabled education systems.

Implications

The needs analysis findings indicated a strong demand for interactive tools to support needs
analysis competencies, which suggests that educational games can serve as effective media in
instructional design courses. Pedagogically, integrating game mechanics with design tasks
enables experiential learning through repeated practice and feedback. Such approaches can
enhance students’ ability to analyse student characteristics and contextual factors when designing
online learning environments. At the institutional level, the adoption of educational games
reflects a broader shift in higher education from transmission-based teaching toward active and
technology-enabled learning. Universities may therefore need to adapt curricula, instructional
methods, and assessment practices to accommodate interactive digital learning tools. This
includes providing appropriate technological infrastructure and supporting faculty capacity in
digital pedagogy.

Limitations and Future Research

This study has several limitations. First, effectiveness used a single-group pre-test/post-test
design without a control group; future studies should apply experimental or quasi-experimental
designs. Second, the sample was limited to one programme at one institution; broader samples
are needed to test generalisability. Third, the game targeted needs-analysis skills; future work
might extend game-based approaches to other instructional design competencies such as strategy
development, assessment, and evaluation. Longitudinal studies should examine sustained
impacts and integration into wider TEL systems. Future development may include online or
multiplayer versions to support collaborative learning and integration of Artificial Intelligence
for adaptive gameplay and personalised learning, enhancing scalability in TEL ecosystems.
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